Sucrose is the main sugar used in jams preparation; however his excessive consumption has been related to several diseases; therefore its replacement by alternative sweeteners is an attractive solution. Nonetheless, substitution of sucrose in jam's preparation can cause changes in texture, structure, and flavor, making them less attractive to the consumers. Thus, the aim of this work was to develop strawberry, raspberry, and cherry jams with more adequate nutritional profile, maintaining their textural and flavor characteristics in comparison with the traditional formulation. Sucrose was replaced by fructose, sorbitol, or fructooligosaccharides (FOS), given the product different nutritional profiles: potential low glycemic index, reduced calories in the case of sorbitol and FOS, and enrichment with dietary fiber, in the case of FOS. After sensorial and rheological evaluation we found that the sweeteners used interfered, significantly, in the parameters measured. Fructose was the alternative sweetener yielding jams more similar to those of sucrose; however, the use of formulations containing fructose and FOS or sorbitol and FOS resulted in a 51% to 68% decrease of the energy value. Nevertheless, consumer sensorial tests are needed to evaluate, in a more consistent way, the use of these alternative sweeteners for jams production at industrial level.
Introduction
It is widely accepted that a diet with high intake of fruits, vegetables, and other nutrient-rich plant foods may reduce the risk of oxidative stress-related diseases [1, 2] . Several economically important and highly appreciated fruits come from the Rosaceae family, including cherries, raspberries, and strawberries. They are important source of nutrients, since they are rich in fibers, various vitamins, minerals and carbohydrates and have a low content of fats, proteins and calories, being highly appreciated due to their delicious flavors and aromas. Additionally they are also rich in natural antioxidants encompassing vitamins, carotenoids, and high content of phenolic compounds, especially anthocyanins [3] , and their consumption has been related to potential health benefits [4] . The beneficial properties of phenolic compounds have been attributed to its ability to scavenge free radicals [5] .
However, these fruits are perishable and the lack of appropriate techniques for postharvest, transport and storage results in great losses. Fruit preservation techniques like candying, production of jams and fruit preserves extend significantly their shelf-life allowing their consumption all year. Jams production goes back to ancient times when populations needed to prepare large quantities of food for the winter. They were usually made with a high concentration of sugars, mainly sucrose [6] . However large sucrose consumption has been correlated with adverse effects on health, such as cardiovascular diseases, obesity, diabetes, and hypertension [7] . Therefore the use of sweeteners has been evaluated as an alternative to sucrose. Modern consumers have an increase concerned with the nutritional and caloric value of food's they consume, looking for healthier, innovative, safe, and easy to use products. Thus an increase in the consumption of diet and light products has been observed, suitable for restrictive 2 Journal of Food Processing caloric diets or for those who are concerned with aesthetics and also healthier eating habits [7] .
Sugar has a key technological role in the traditional jam's confection, as it influences the soluble solids content thereby being essential for the physical, chemical, and sensorial properties of jams and also increasing its microbiological stability and hence safety [8] . In the traditional manufacturing of jams, sucrose binds water inducing pectin gelatinization [9] , reducing the water activity to values near 0.8, and thereby inhibiting microbial growth and subsequent deterioration of jams [8] . Simply lowering the sugar content of a jam recipe will not produce an acceptable reduced-sugar jellied product. The amount of sugar required for proper gelling is dependent on the concentration of pectin in the natural fruit or in the commercial pectin added to the recipe. Low-sugar jams and jellies are best prepared with commercial pectin preparations and using the recipes developed specifically for that purpose. Because these contain less sugar than regular jams and jellies, they are more susceptible to mold growth [10] .
Sugar-free jams are possible using alternative sweeteners also called low-calorie sweeteners, such as sorbitol, maltitol, and lactitol and/or sweeteners like saccharin and cyclamate. However, the attainment of a suitable texture may be more difficult in sorbitol jams than in jams with other sweeteners [11] . This product was also reported by Kerdsup and Naknean [12] ; they refer to the fact that production of low sugar mango jam using sorbitol as a sweetener can be done with 100% substitution without effect on sensorial quality. Nevertheless, hardness decreased with increasing sorbitol concentration because of weaker junction zones in pectin gel network.
To meet the consumer's demands, the food industry has diversified its product portfolio offering products with a diversified nutritional and sensorial profile, among others. The emergence of new food preservation methods and technological advances, along with the increased knowledge at the nutrition level, contributed to improving the population's quality of life. This product diversification means that product formulations have to be changed, but sometimes, substitution of an ingredient results in textural, structural, and flavor changes of the new products with a decrease in consumer's preference due to comparisons with the traditional product [13] . So the new product formulation has to result in a similar texture, flavor, and rheological characteristics of the traditional product [14] . A deeper understanding of the factors that may influence the texture of processed foods is essential for the development of new products. Sensorial analysis in combination with mechanical and rheological measurements (texture) can avoid product rejection by consumers as they are useful in determining the functionality of a particular ingredient in the development of new products [8] . In a product such as jam, it is important to understand the relationship between food texture and structure of the gel. The ingredients or a change in their concentration can lead to changes in the gel structure [15] , which can be detected in texture analysis or by sensorial analysis [13] .
In view of all these issues, the aim of this work was the development of jams formulations with appropriate nutritional properties, maintaining the characteristics of the jam in terms of texture and flavor. For this purpose, the sucrose used in traditional jams was replaced by other sugars (fructose), alditols (sorbitol), and dietary fibers with oligosaccharides (fructooligosaccharides, FOS) to obtain products with different nutritional properties, that is, potential low glycemic index, low calories, and enrichment in dietary fiber. Fructose is a simple sugar found in many foods, being one of the sweetest naturally occurring sugars, estimated to be twice as sweet as sucrose, and is often recommended for people with diabetes mellitus or hypoglycemia, because it has a very low glycemic index (GI) relative to sucrose [16] . Sorbitol is slowly absorbed by the organism. Therefore, when sorbitol is used, the rise in blood glucose and the insulin response associated with the ingestion of glucose is significantly reduced. Products sweetened with sorbitol for replacement of sugar may be useful in providing a wider variety of reduced calorie and sugar free choices to people with diabetes [17] . Fructooligosaccharides (FOS) have important beneficial physiological effects such as low cariogenicity, a prebiotic effect, improving mineral absorption, and decreasing the levels of serum cholesterol, triacylglycerols, and phospholipids. Currently FOS are increasingly used in food products and infant formulas due to their prebiotic effect that stimulates the growth of nonpathogenic intestinal microflora [18] .
Replacing sucrose by other sugars, alditols or dietary fiber ingredients, in practical terms, are possible, but it is important to maintain the sensorial and rheological characteristics of the traditional jam in order to be well accepted by the consumers.
Material and Methods

Fruit Material and Jams Preparation.
Strawberry, raspberry, and cherry samples for jam production were kindly supplied by Douromel (Tabuaço, Portugal) company. Sucrose and alternative sweeteners for jams preparation (fructose, sorbitol, and FOS-fructooligosaccharides with a commercial name of actilight) used were supplied by Brenntag (Oporto, Portugal).
There were tested five sugar formulations, jams with sucrose (traditional formulation), and jams with fructose, with sorbitol, with fructose + FOS, and with sorbitol + FOS. The formulations are described in Table 1 .
When FOS is used for jam processing, the amount of pectin added was higher, as well as the amount of calcium; however, in the final product (jam) the pectin content is the same as in jams containing sucrose, fructose, or sorbitol. The calcium content is higher in jam with FOS so that it interacts with pectins promoting a good gel formation (Table 1) . While in the jam with sucrose, sorbitol, and fructose the sugars are added at the beginning of the jam confection, in the jams with FOS, this ingredient is only added when the jam reaches the desired ∘ Brix (between 65 and 68 ∘ Brix) and only after removal of the recipient from flame or hot plate, since sugar analysis showed that FOS were degraded at the high temperatures needed for jam's production. composed by a mixture of short chain fructooligosaccharides plus small amounts of glucose, fructose, and sucrose and due to the lack of pure standards for all oligosaccharides, the ingredient was used for calibration, corrected for the amount of glucose, fructose, and sucrose present in actilight. The caloric value was calculated by using the sugar composition determined by sugar analysis and the energy conversion values of the 2008/100/CE Directive. For FOS, due to the limitations in quantification described previously, the caloric value was calculated by estimating the amount of FOS by subtracting the solid content of fruits, water content, and fructose present to 100%.
Rheological Properties and Texture Profile Analysis.
Stress and strain at fracture and texture profile analysis (gel strength, rupture strength, fragility, and adhesiveness) were performed using a texturometer equipped with a 30 kg compression cell (TA-XT2i Texture Analyzer, Stable Micro Systems, Godalming, Surrey, UK), connected to a personal computer.
After the jam preparation, a small amount was placed in the container, centrally under the probe-carrying; then the penetration test was performed. After a trigger force of 10 g, the probe penetrates the gel to a depth of 20 mm. During penetration of the probe forces decay at points where there are breaks in the gel. The Maximum Force (gel point of rupture) is recorded as the rupture strength, the distance the probe penetrates the gel before this point gives us an indication of the elasticity of the gel, that is, a short penetration before rupture indicates a weak gel, while a large penetration distance before breakage shows us a more elastic gel. When the probe is removed from the sample, the total force (area under the negative region of the curve) necessary for its withdrawal is measured and recorded as adhesion or adhesiveness. A measurement of the gel strength is made in the initial phase of penetration (3 mm) where little deformation of the gel occurs.
Jams Sensorial Profile.
All sensorial analysis took place in a room with controlled environment and material required for each task, according to ISO [19] . The test sessions took place once a week from 15:00 to 16:30.
The fourteen tasters (4 men and 10 women, ranging from 25 to 50 years of age) had a first theoretical session in which physiology of the senses, location and sensorial acuity, their conditions, environmental conditions, and naming sensorial test were addressed. For training of the panelists standard solutions of the primary tastes were used: sucrose for sweet taste; citric acid to the acid taste; quinine sulphate for bitter taste; and sodium chloride to the salty taste. Subsequently, we tested the perceptions of the panelists concerning sugars and alternative sweeteners (fructose, sorbitol, and FOS) used in jams, for sucrose replacement.
After physicochemical optimization of each jam, for each sugar/alternative sweetener tested, a quantitative descriptive analysis (QDA) was performed. This analysis allows the development of the sensorial profile of each jam with descriptors suitable for all evaluated parameters. For the tasting sessions we used a tasting sheath with unstructured scales of 10 cm. The descriptors were chosen according to the literature 4 Journal of Food Processing [7] The sensorial parameters evaluated were appearance, aroma, texture, taste, flavor, and palatability (color, brightness, aroma, cooked fruit aroma, sweet taste, acid taste, bitter taste, astringency, characteristic flavor, adhesiveness, cohesiveness, fracturability, chewiness, elasticity, spreadability, lumpiness, and palatability).
Samples (a tablespoon of each jam) were served at room temperature in white Pyrex dishes. The samples were coded with three-digit codes, and the order of presentation was random. The tasters could rinse the mouth with mineral water between each sample. There were also provided small toasts of bread in order to help the evaluation of some sensorial attributes such as spreadability. The tests took place from 15:00 till 16:30. The jams elaborated with sucrose were used as the reference sample.
Statistical Data Analysis.
The results were submitted to analysis of variance (ANOVA); Duncan's test at 5% significance was used to determine significant differences between the samples. Correlations were performed for all rheological parameters studied; the average of both replicates for each jam were used to calculate Pearson correlation coefficients which were used to model the relationships ( * ), ( * * ), and ( * * * ) indicating 0.05, 0.01, and 0.001 levels of significance, respectively. For interpreting the results, principal component analysis (PCA) was applied. PCA is a multidimensional modelling method which gives an interpretable overview of the main information in a multidimensional data table. In such multidimensional modelling methods, scores are estimated, carrying information from several variables and concentrating this information onto a few underlying variables. The score plot may be regarded as a map of samples, showing the locations of the samples along each model component (PC1 and PC2). It can be used to detect sample patterns, groupings, similarities, or differences. Parallel to scores, the estimated loadings may be regarded as a map of variables. The loadings show how well a variable is taken into account by the model components. Loading plots can be used to show how much each variable contributes to the meaningful variation in the data and to interpret variable relationships [20] . Thus a Cov-Principal Components Analysis (Cov-PCA) was carried out to sensorial data and a Corr-PCA to the sensorial and textural data, using STATISTICA 10 software (Stasoft Inc., 2012). Cluster analysis (the average Euclidean distance, method UPGMA-unweighted pair-group average) was also performed using the same software. Sensorial profiles of the samples were obtained using the spider graphic (excel-Microsoft software).
Results and Discussion
3.1. Jams Chemical Composition, Energy Density, and . Low calorie foods were originally targeted to specific consumers with health issues like obesity, but their use has expanded to disease prevention and to fit within the pattern of a healthier diet and lifestyle [21] . There is a great demand for food with a reduced sugar content and/or without sugar, but maintaining their sensorial attributes like taste, flavor and texture has been a challenge, this being the case of jams with low caloric value.
The energy values of the traditional (sucrose) and alternative jams are shown in Table 2 . The jams prepared with sucrose and fructose, as expected, contained the higher energy values, in average 260 kcal/100 g for jam produced with sucrose and 250 kcal/100 g for the jam produced with fructose. The jams prepared with sorbitol or fructose + FOS ranged the second in energy values (average values of 127 kcal/100 g) showing that the substitution of sucrose by an alditol (sorbitol) or by the formulation fructose + FOS resulted in a 51% decrease of the energy value in relation to the jams prepared with sucrose. Nevertheless, jams prepared with the formulation sorbitol + FOS presented the lowest values of energy (an average value of 83 kcal/100 g) resulting in a 68% decrease in the energy value of the jams.
Strawberry, cherry, and raspberry jams chemical composition (g/100 g) and
with the different sugar formulations are also shown in Table 2 . One important environmental parameter that determines the ability of molds to grow on food is water activity ( ) [22] . Comparing the sugars formulations tested, water activity ( ) varies slightly. Only in strawberry jam made with fructose, cherry jam made with fructose or with sorbitol, and raspberry jam made with sucrose or sorbitol are values lower than 0.80; thus these fruits/sugars formulations are the ones that can better prevent the growth of microorganisms and subsequent deterioration of jams [8] . As anticipated, the final sugar composition of the jams was dependent on the sugars used ( Table 2 ). Sorbitol and FOS were absent or in concentrations near to one (0.80 and 0.73) in the jams prepared with sucrose and fructose; however, in all the jams, except for the jam prepared with sucrose, fructose, sucrose, and glucose were present in very small values, independently of the sugar formulation used (sucrose, fructose, sorbitol, fructose + FOS, or sorbitol + FOS). The low values of sucrose, fructose, and glucose present are derived from the natural sugars present in the fruits before jam preparation and also from the presence of these sugars in the FOS ingredient used (results not shown).
Rheological Properties.
Understanding the factors that influence the texture of processed food is essential for future development. Rheological properties are useful in determining ingredient functionality in the product development, quality control, and correlation of food texture to sensorial attributes [23, 24] . Rheological properties of jams have been widely studied [25] [26] [27] [28] . It has been established that their rheological properties are mainly affected by the amount and type of sugar added, proportion and kind of gelling agent used, fruit pulp content, and processing temperature. However, optimization of ingredient composition for jams production is rather limited [29, 30] . Furthermore, no information is available in literature on the variation of rheological and textural properties and microstructure of fruit jams with these compositions.
In order to understand the influence of the sugars formulations used in jam's preparation, in theirs rheological properties, uniaxial compression tests were performed. The classification of textural terms for solids and semisolids gave rise to a profiling method of texture description (TPA) applicable to both sensorial [31] and instrumental measurements [32]. Some sensorial parameters, particularly the mechanical ones, seem to be fairly straight forward. For example, hardness, firmness, and softness are on a scale of resistance of the food to the applied compressive forces. However, as stated by Szczesniak [33] whether the human being reacts to the physical stress or to the pressure and how to simulate with instruments the high pressure rates experienced in the mouth are still not known exactly. Fruit and sugar formulations presented a significant effect on the texture profile of jams (Figure 1 strawberry (a), raspberry (b), and cherry (c) jams made with the different sugars formulations are shown. Strawberry jam prepared with fructose and with the formulation containing sorbitol + FOS was the one that presented the higher rupture strength and lower fragility values. Regarding the gel strength, the jam prepared with fructose + FOS presented the lowest value for this parameter. Jams that presented higher adhesion or adhesiveness were the ones prepared with fructose, sucrose, or sorbitol + FOS. When we compare the sugar formulations, we found that for the parameter fragility there were not observed any significant differences (Table 3 ). There were, however, observed significant differences, for the parameters gel strength, rupture strength, and adhesiveness, in strawberry jams prepared with the different sugar formulations. Raspberry jams prepared with fructose and the formulation prepared with sorbitol + FOS were those presenting textural similarities, Figure 2(b) , though the jam prepared with fructose presented a higher adhesiveness when compared with the jam produced with sorbitol + FOS. There were observed significant differences for the rheological parameters tested rupture strength and adhesiveness, in raspberry jam prepared with the different sugar formulations. In relation to these rheological parameters and also adhesiveness, the jam prepared with sucrose was the one that presented the highest values. For the parameters gel strength and fragility there were not found any significant differences between the sugar and alternative sweeteners ( Table 4) .
When cherries were used in jam's preparation, jams with fructose or fructose + FOS were more similar (Figure 2(c) ). In this jam, that prepared with sucrose had lower values for all rheological parameters evaluated. Nevertheless, there were observed significant differences between the sugars formulations; the jams prepared with sorbitol + FOS and prepared with sucrose presented significant differences concerning the gel strength (Table 5 ). There were also observed significant differences between the jams prepared with fructose + FOS, prepared with sucrose, and prepared with fructose, for the rupture strength, and between jams prepared with fructose and sucrose and sucrose and sorbitol + FOS in relation to fragility ( Table 5 ). Relative to the parameter adhesiveness, Table 3 : Differences between various sugars tested for the rheological parameters evaluated: gel strength, rupture strength, and adhesiveness, in strawberry jam with the different sugar formulations. For the parameter fragility there were not found any significant differences. where the average values assigned by the panelists for each attribute is marked on the corresponding axis. The sensorial profile reveals itself when the dots are connected. In strawberry jams significant differences are found for several attributes (Table 6 ). Fructose enhanced the attributes color, brightness, aroma, and sweet taste (Figure 3(a) and Table 6 ). For this last attribute, the formulation prepared with sorbitol + FOS showed the significant lowest value. However, the presence of fructose was also important for the strawberry characteristic flavor (fructose + FOS) and palatability (fructose and fructose + FOS). Jams prepared with sorbitol presented the higher spreadability. Sensorial attributes of raspberry jams also presented significant differences (Figure 3(b) and Table 6 ). Sorbitol enhanced significantly the color, brightness, acid taste, palatability, and spreadability of jams, while jams prepared with sucrose present significantly higher values for the attributes characteristic flavor, cohesiveness, fracturability, and chewiness. The formulation prepared with fructose + FOS was the one that produced jams with less lumps.
Concerning cherry jams (Figure 3(c) ), sucrose and sorbitol are the sugars that intensified jams spreadability; sorbitol also intensified their brightness, alone or in combination with FOS ( Table 6 ). The jams that were significantly less sweet were those prepared with the combination of sorbitol 8 Journal of Food Processing Fructose is the sugar that seems to preserve cherries characteristic flavor in the cherry jam (Table 6 ). In all the Cov-PCAs performed to sensorial data ( Figures  4(a) to 4(f)), the first two factorial axes (PC1 and PC2) represented a percentage higher than 70% of the original variability, so according to Mardia et al. [35] they satisfactorily explain the variability among the samples tested. From Cov-PCA analysis it can be inferred that strawberry jams made with fructose shared some similarities with the traditional strawberry jam (jams produced with sucrose); these two jams shared attributes such as color, aroma, sweet taste, strawberry characteristic flavor, adhesiveness, and palatability (upper left quadrant of Cov-PCA projection, Figures 4(a) and 4(b) ). Strawberry jams produced with sorbitol and with fructose + FOS, positioned in the lower right Cov-PCA quadrant (Figures 4(a) and 4(b) ), were similar mostly in the attribute spreadability while for the strawberry jams produced with the formulation sorbitol + FOS the sensorial attribute that distinguishes it from the others is fracturability and chewiness.
Raspberry jam made with sorbitol is located alone in the lower right Cov-PCA quadrant and is better characterized by the attribute spreadability (Figures 4(c) and 4(d) ). The jams produced with the formulation fructose + FOS are located in the upper right quadrant of the graphic and the attributes that distinguish this sample are brightness and cohesiveness. One group is formed by the jams produced with sorbitol + FOS and with fructose (upper left Cov-PCA quadrant); however, after performing cluster analysis (data not shown) the jam produced with sucrose also clustered in this group. So the attributes that better characterize this major group are color, aroma, characteristic flavor, adhesiveness, and palatability.
In cherry jams (Figures 4(e) and 4(f)) FOS seems to be the ingredient responsible for the group on the lower left Cov-PCA quadrant (jams produced with sorbitol + FOS and fructose + FOS). The attributes that better characterize this group are cohesiveness, fracturability, and lumpiness. Cherry jams made with sorbitol and with sucrose also form a group on the upper right Cov-PCA quadrant and this group is better characterized by the attributes spreadability, color and palatability. The jams produced with fructose is in the lower right quadrant of the graphic and is characterized by the attribute characteristic flavor.
PCA Correlation between Sensorial and Textural Parameters.
Variations in the jam's formulation produced evident differences in the physical and sensorial properties of the final products and these differences can influence consumer acceptance. An attractive color is one of the most important quality characteristics for the strawberry, raspberry, or cherry jams processing industry, besides the typical characteristic flavor and convenient jam consistency [15] . Measurement of color and consistency are a complex subject since it depends on consumer appreciation. For this reason, it is important to carry out a sensorial analysis and establish the possible relationships between the instrumental measurements of the physical properties and sensorial characteristics.
As reported above, both instrumental and sensorial approaches detected significant differences among the jams produced with sucrose or the alternative sweeteners. To explore the relationships between them, Corr-PCA was used to establish links between the perceived oral texture and the measured rheological parameters.
In Figures 5(b) , 5(d) , and 5(f) it is possible to see the spatial distribution of samples (jams) with different sugar formulations in the PCA projection. It is clear that taking into account the rheological parameters in the PCA analysis changed the spatial distribution of some of the samples when compared with those of Figures 4(b) , 4(d) , and 4(f). This is the case of strawberry jam. In this jam, the attribute spreadability (attribute evaluated by the tasting panel, which consists in the ability to spread the jam into a toast with the help of a dessert knife) is correlated with the rheological parameter fragility, and rupture strength and gel strength are correlated with the oral attribute lumpiness (Figure 5(a) ). The distribution of raspberry jams in Corr-PCA analysis is similar to the one in Cov-PCA. In this jam, the rheological parameter fragility is inversely correlated with the sensorial attribute cohesiveness but the rheological parameters rupture strength, gel strength, and adhesiveness are correlated with the sensorial attributes chewiness, lumpiness, and cohesiveness ( Figure 5(c) ).
Finally, in cherry jams, the sensorial attribute adhesiveness is correlated with the instrumental adhesiveness, and spreadability is correlated with the instrumental parameter fragility. The instrumental parameters rupture strength and gel strength are correlated with the attributes chewiness, fracturability, and cohesiveness.
Conclusions
The jams prepared with sucrose and fructose contained the higher energy values. The substitution of sucrose by sorbitol or by the formulation fructose + FOS resulted in a 51% decrease of the energy value in relation to the jams prepared with sucrose, and jams prepared with the formulation sorbitol + FOS resulted in a 68% decrease in energy value of jams.
Only in strawberry jam made with fructose, cherry jam made with sorbitol, and raspberry jam made with sucrose, fructose, or sorbitol were values lower than 0.80. Thus, these fruits/sugars formulations are the ones that can better prevent the growth of microorganisms and subsequent product deterioration.
Sugar formulation affects both sensorial and rheological parameters of jams. Fructose was important for the strawberry and cherry characteristic flavor, alone or associated with FOS (in the strawberry jam). The formulations containing sucrose or sorbitol were the easiest to spread. The jams that were significantly less sweet were those prepared with the combination of sorbitol + FOS, independently of the fruit used.
In general, the instrumental parameters rupture strength and gel strength are correlated with the sensorial attributes chewiness, fracturability, and cohesiveness. However, in strawberry jam, chewiness, fracturability, and cohesiveness are correlated with rheological parameter lumpiness. Spreadability, in strawberry and cherry jams, is correlated with the instrumental parameter fragility. Nonetheless, only in cherry jams was the sensorial attribute adhesiveness correlated with the instrumental adhesiveness.
